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ABSTRACT 


The genus Polistes is one of the most species-rich and widely distributed groups of social 
wasps and a model taxon for studies of social behavior. Almost half the Polistes world fauna 
occurs in the New World, but their classification has been unstable due in part to the scarcity 
of phylogenetic studies. We investigated the phylogeny of the New World Polistes by combin- 
ing a previously existing molecular dataset with a new morphological and behavioral matrix 
for 90 of the 93 New World species. All analyses support a single origin for the New World 
Polistes. All five traditionally defined New World subgenera (Aphanilopterus, Epicnemius, 
Fuscopolistes, Onerarius, and Palisotius) were monophyletic, but the relationships among 
them varied across datasets. Our results, with an expanded phenotypic dataset, improved 
taxonomic sampling, and enhanced clade support relative to previous studies, strongly sup- 
port a classification based on five subgenera, which are all diagnosable groups supported by 
clear morphological synapomorphies. Hence, we propose the revalidation of previously pro- 
posed subgenera; we provide a taxonomic account of each subgenus and an identification key 
to all species of New World Polistes. 
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INTRODUCTION 


The paper wasps (Hymenoptera, Vespidae, Polistinae) comprise over 1000 species of exclu- 
sively social wasps divided into four tribes: Polistini, with a single genus, Polistes Latreille; Mis- 
chocyttarini, also with a single genus, Mischocyttarus de Saussure; Epiponini, with 19 genera; and 
Ropalidiini, with four genera (Silveira et al., 2021). The genus Polistes is one of the most species- 
rich, familiar, and widespread taxa of social wasps, with 237 described species found in all habit- 
able continents (Richards, 1978; Carpenter, 1996a, 1996b; Santos et al., 2015; Silveira et al., 2021). 
While the genus is distributed worldwide, its highest diversity has been recorded in tropical 
forests (Richards, 1973, 1978; Carpenter, 1993, 1996a, 1996b; Nguyen et al., 2017). Almost half 
the Polistes world fauna occurs in the New World, where 93 native species have been recorded 
(Richards, 1978; Carpenter, 1996a; Buck et al., 2012; Silveira et al., 2021). 

Species of Polistes are characterized by having the metasomal tergum I subsessile and coni- 
cal in dorsal view; propodeal orifice acute dorsally and pronotum with posterior carina lateral 
to the fovea (Richards, 1973, 1978; Somavilla and Carpenter, 2021). The genus has been one of 
the most well-documented groups of social wasps in terms of behavioral studies, largely due 
to the ease with which investigators can observe colony life (i-e., the nest is not surrounded by 
an envelope); the ease with which colonies can be located (often on human constructions); and 
the small size of the colonies (usually fewer than 100 individuals), all of which allow for detailed 
behavioral observation (Pardi, 1996; Pickett and Wenzel, 2004). 

The taxonomic history of New World Polistes has been troublesome. Until 1973, most of the 
nomenclature in use was based on informal species groups with specific regional application (Car- 
penter, 1996a). Richards (1973) divided Polistes into 12 subgenera, five of them occurring in the 
New World (Aphanilopterus, Epicnemius, Fuscopolistes, Onerarius, and Palisotius) and seven in the 
Old World (Gyrostoma, Stenopolistes, Nygmopolistes, Megapolistes, Polistella, Sulcopolistes, and 
Polistes). 

Carpenter (1996b), using morphological characters, presented three matrices, with up to 
18 terminals that were subgenera or species groups; these were summary terminals, for more 
than 140 species. Cladistic analysis recovered several of the subgenera proposed by Richards 
(1973) as paraphyletic. For the New World, Carpenter (1996b) found that Polistes (Epicnemius), 
Polistes (Fuscopolistes), Polistes (Onerarius), Polistes (Palisotius), rendered Polistes (Aphanilop- 
terus) paraphyletic, and synonymized them with Polistes (Aphanilopeterus). Later, studies incor- 
porating molecular data or combined with morphological characters presented conflicting 
results, either rejecting (Arévalo et al., 2004; Pickett and Wenzel, 2004; Pickett and Carpenter, 
2010) or corroborating (Pickett et al., 2006) Richards’s (1973) subgeneric classification. In the 
latest large-scale phylogeny including species of New World Polistes (Santos et al., 2015), the 
New World subgenera were recovered as monophyletic, except for Polistes (Fuscopolistes), 
which was paraphyletic with respect to Polistes (Onerarius) carnifex. 

Despite these recent advances in the understanding of the phylogeny of Polistes, previous 
studies included a relatively small portion of the New World species (40 species or fewer) and 
added only a few morphological characters to those of Carpenter (1996b). This study aims to 
propose a more complete picture of the evolutionary history of New World Polistes by including 
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a comprehensive taxonomic sampling and presenting a more detailed phenotypic matrix, add- 
ing female, male, male genitalia, larvae, and nest architecture characters to the available molec- 
ular data, assembling the largest dataset for New World Polistes to date. 


MATERIAL AND METHODS 


MATERIAL EXAMINED: There are currently 93 valid species of Polistes native to the New World 
(table 1). The ingroup for our analyses included 90 of these species. Specimens of Polistes (Epic- 
nemius) boharti Snelling, Polistes (Aphanilopterus) eburneus Bequaert and Polistes (Aphanilop- 
terus) pseudoculatus Snelling were not found, even in the published holotype depositories. Eleven 
Old World Polistes and three species of Vespula were employed as outgroups (table 1; Supplemen- 
tary material S1, available online: https://doi.org/10.5531/sd.sp.50). 

Samples from the following institutions were studied: AMNH, American Museum of Natu- 
ral History, New York (J.M. Carpenter, C. LeBeau); CESC, Colegao Entomoldgica da Universi- 
dade de Santa Cruz do Sul, Brazil, Santa Cruz do Sul (A. Kohler); CZMA, Colecao Zooldgica 
do Maranhao, Brazil, Caxias (F. Limeira); IBNP: Museo Nacional de Historia Natural del Para- 
guay, Asuncion, Paraguay (B.R. Garcete-Barrett); INPA, Instituto Nacional de Pesquisas da 
Amazonia, Brazil, Manaus (M.L. Oliveira); MCZ, Museum of Comparative Zoology, Harvard 
University, Cambridge, MA (P.D. Perkins); MNB, Museum fiir Naturkunde Berlin, Germany, 
Berlin (M. Ohl, E Koch); NHM, Natural History Museum, United Kingdom, London (G. 
Broad); NMNH, National Museum of Natural History, Smithsonian Institution, Washington, 
D.C. (S. Brady); MNHN, Muséum National d’Histoire Naturelle, France, Paris (C. Villemant, 
A. Touret-Alby); MNRJ, Museu Nacional do Rio de Janeiro, Brazil, Rio de Janeiro (F. Vivalo); 
MZSP, Museu de Zoologia da Universidade de Sao Paulo, Brazil, Sao Paulo (C.R. Brandao); 
RAM, Royal Alberta Museum, Canada, Edmonton (M. Buck); ZMC, Zoological Museum of 
University of Copenhagen, Denmark, Copenhagen (L. Vilhelmsen); and ZSM, Zoologische 
Straatssammlung Munchen, Germany, Munich (S. Schmidt). 

DaTA COLLECTION: A total of 140 morphological characters were delimited and coded (24 
adapted from Carpenter (1996b), five from Pickett and Carpenter (2010) and 111 first pre- 
sented here): 88 of adult females, 32 of adult males, including the male genitalia, 13 of larvae 
and seven of nest architecture (table 1; figures 5-16). Morphological terminology for adults of 
Polistes followed Richards (1973, 1978), Carpenter (1996b), and Somavilla et al. (2018). For 
dissection of the male genitalia we adopted the protocol of Somavilla et al. (2018). For the male 
genitalia we adopted the terminology of Buck et al. (2012) and Somavilla et al. (2018). Part of 
the larval characters was coded from information available in Richards (1978), Dias-Filho 
(1975), Wheeler and Wheeler (1979), Nelson (1982), Kojima and Yamane (1984), Kojima 
(1987), and Kojima (1998). Nest architecture characters were coded based on Richards (1978), 
Wenzel (1998) and on directly observed nests deposited in the AMNH. A total of 10 characters 
were treated as additive (See appendix 1). 

Molecular characters were adopted from the matrix of Santos et al. (2015), including data 
from six genes: mitochondrial cytochrome oxidase I (COI), 12S rRNA (12S) and 16S rRNA 
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(16S), and nuclear 28S rRNA (28S), histone 3 
(H3) and elongation factor l-alpha (EF1-a) 
(table 1). Multiple sequence alignment was 
conducted in MA-FFT v.5 (Katoh et al., 2002). 
Default parameters were used for COI, H3, and 
EF 1-a, for which the alignment is relatively triv- 
ial. For the three ribosomal loci, however, the 
E-INS-I algorithm was used, which is suitable 
for sequences with large unalignable regions 
(Katoh et al., 2005) (See Santos et al., 2015). 

A total of 104 species were included in the 
original matrix; eight Old World species were 
excluded from the present analyses: Polistes chi- 
nensis antennalis Pérez, P. formosanus Sonan, 
P. humilis (Fabricius), P. jokahamae Radosz- 
kowski, P. nipponensis Pérez, P. riparius Yamane 
and Yamane, P rothneyi Cameron, and P. varia- 
bilis (Fabricius) because they were not scored 
for morphological characters. 

PHYLOGENETIC ANALYSES: Three character 
matrices were assembled for phylogenetic analy- 
ses: (1) morphological data alone, scored for 
104 species (Supplementary material S2, avail- 
able online: https://doi-org/10.5531/sd.sp.50); (2) 
combined morphological and molecular, scored 
for 104 species; molecular data derived from a 
previously existing dataset for Polistes (Santos et 
al., 2015), thus with molecular data missing for 51 
New World species (Supplementary material S3, 
available online: https://doi.org/10.5531/sd.sp.50); 
(3) combined morphological and molecular data, 
restricted to the 53 species for which molecular 
data was available. This third matrix was gener- 
ated to allow for a total-evidence dataset with 
reduced missing data compared to the second 
matrix (Supplementary material S4, available 
online: https://doi.org/10.5531/sd.sp.50). 

Phylogenetic analyses were undertaken using 
TNT version 1.5 (Goloboff et al., 2008a), under 
parsimony and implied weighting (Goloboff, 
1993). We used the TNT script setk.run, written 
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by Salvador Arias (Instituto Miguel Lillo, San Miguel de Tucuman, Argentina) to calculate the 
appropriate value of the concavity constant (k) for each data partition (morphology + behavior and 
each molecular locus separately), following the reasoning of Goloboff et al. (2008b). For each matrix, 
tree search was performed using 100 replications, each with one hit to minimum length, 100 par- 
simony ratchet (Nixon, 1999) iterations (with upweighting probability of 8%, downweighting prob- 
ability of 4%), 20 rounds of tree drifting, five rounds of tree fusing, and sectorial searching (Goloboff, 
1999). Clade support was estimated using 10,000 pseudoreplicates of symmetric resampling (Golo- 
boff et al., 2003) in TNT, reported as frequency differences (GC scores). 


RESUERS 


(1) ANALysis OF MORPHOLOGICAL Data: Analysis of the morphological and behavioral 
characters (k = 26.748047) resulted a single most parsimonious tree (fig. 1), with Fit 34,5863 
(table 2), consistency index (CI) = 0.12 and retention index (RI) = 0.57. Polistes (Gyrostoma) and 
Polistes (Polistella) were both monophyletic and recovered as sister groups, and Polistes (Polistes) 
was sister to a clade with all species from the New World. The clade with all New World Polistes 
was supported by eight synapomorphies, two of them uniquely derived: propodeal striae centrally 
strong, laterally evanescent (char. 63: state 2) and propodeal orifice elongate (67:2). 

The topology supports the monophyly of the five subgenera proposed by Richards (1973), 
which were later synonimized with Polistes (Aphanilopterus) (Carpenter, 1996b). Polistes (Oner- 
arius) was sister to all other subgenera, followed by Polistes (Palisotius). Polistes(Fuscopolistes) 
was sister to a clade including both Polistes (Epicnemius) and Polistes (Aphanilopterus) sensu 
Richards (1973). Polistes (Onerarius), comprising the single species P. carnifex (Fabricius) had 
13 apomorphies, three of them uniquely derived: malar space longer than wide (18:2); base of 
metasomal sternum VII of male with anterior lobes (98:1); and larval galea bilobed with two 
apical sensilla on one of the lobes (133:1). 

Polistes (Palisotius) (GC = 94) was supported by eight synapomorphies, one of them 
uniquely derived: epicnemial carina incomplete (45:2). In this clade, P palmarum Bequaert was 
sister to (P. major Palisot de Beauvois + P paraguayensis Bertoni). 

Polistes (Fuscopolistes) (GC = 82) was supported by nine synapomorphies, one of which 
was uniquely derived: disc of metasomal sternum VII of male tuberculate (97:1). P. poeyi was 
recovered as sister of all other species of the subgenus, followed by P rossi Bohart. The other 
species were divided into two clades: one with P. carolina Linnaeus (P. fuscatus (Fabricius) (P 
metricus Say (P. hirsuticornis Buck + P parametricus Buck))) and another with P. rubiginosus 
Lepeletier (P dorsalis (Fabricius) (P flavus Cresson (P. bellicosus Cresson (P. apaches de Sau- 
ssure + P. aurifer de Saussure)))). 

The clade Polistes (Epicnemius) + Polistes (Aphanilopterus) (GC = 72) was supported by 
eight synapomorphies, two of which were uniquely derived: tergum I conical in dorsal view, 
longer than wide (76:2) and anterior part of tergum I not enlarged (77:1). 

Polistes (Epicnemius) (GC = 94) was supported by eight synapomorphies, three of which 
were uniquely derived: epicnemial carina complete (45:1); larval teeth robust (125:1); and larval 
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TABLE 2. Numerical data for the analysis of different data partitions. Columns: R, number of rearrangements 
tried, in millions; Fit, the best score; MPTs, number of most parsimonious trees recovered; Support, average 
group support recovered from 10,000 pseudoreplicates of symmetrical resampling. Support values are based 
on reported frequency differences (GC score) not absolute values. 


Dataset R Fit MPTs Support 
Morphology 6.964 34.58363 1 20.3 
Combined — 53 taxa 1.017 703.17781 1 S17 
Combined -— 104 taxa 6.837 783.99798 1 24.1 


cuticle dark (129:0). Polistes subsericeus was recovered as sister to all other species of the sub- 
genus, followed by a grade from P. pacificus Fabricius and P. cinerascens de Saussure to P. 
candidoi von Ihering. The remaining species were divided into two clades: one formed by (P 
actaeon Haliday (BP. torresae Silveira (P. davillae Richards + P geminatus Fox))) + (P. bicolor 
Lepeletier (P. billardieri Fabricius (Pbequaertianus Willink + P. obscurus de Saussure))), and 
the other by (P. angulinus Richards (P. atrox Richards + P. occipitalis Ducke) (P. claripenis Ducke 
((P melanosoma de Saussure + P. testaceicolor Bequaert) (P. moraballi Richards (P. thoracicus 
Fox (P. rufiventris Ducke (P. deceptor + P. niger Bréthes)))))))). 

Finally, Polistes (Aphanilopterus) (GC = 93) was supported by eight synapomorphies, one 
of which was uniquely derived: malar space transverse (18:3). Polistes oculatus Smith was sister 
to all other species in the subgenus, with the remaining species divided into two large clades. 

(2) PARSIMONY COMBINED ANALYSIS, COMPLETE DaTAsET: Analysis of the total-evidence 
dataset with 104 species (molecular data missing for 51 species) resulted in a single most parsi- 
monious tree (fig. 2) with Fit 783.99798 (table 2). Polistes (Polistes) was recovered as sister to the 
other subgenera, and Polistes (Gyrostoma) formed by (P. olivaceus + P. tenebricosus), and Polistes 
(Polistella) formed by P. stigma + (P. sagittarius + (P. japonicus + P. snelleni)) were sister groups. 

Within New World species, once again, all the subgenera defined by Richards (1973) were 
recovered as monophyletic, with higher support values than in the other analysis (GC = 90 to 
96). The clade with all New World Polistes was supported by three morphological synapomor- 
phies (GC = 96): occipital carina extending to middle of the eye (35:1), propodeal orifice 
elongate (67:2), and shape of nest comb subcircular (136:1). The clade comprising the species 
of Polistes (Epicnemius) was sister to all other subgenera, followed by a second clade comprising 
Polistes (Onerarius) and (Polistes (Palisotius) + Polistes (Fuscopolistes)), this clade being sister 
to Polistes (Aphanilopterus). 

Polistes (Epicnemius) (GC = 95) was supported by one uniquely derived synapomorphies: 
epicnemial carina complete (45:1). Polistes (Onerarius) had one uniquely derived synapomorphy: 
malar space longer than wide (18:2). Polistes (Palisotius) (GC = 91) was supported by one uniquely 
derived synapomorphy: epicnemial carina incomplete (45:2). Polistes (Fuscopolistes) (GC = 96) 
was also supported by one uniquely derived synapomorphy: disc of metasomal sternum VII of 
male tuberculate (97:1). Finally, Polistes (Aphanilopterus) (GC = 90) was supported by two derived 
synapomorphies: malar space transverse (18:3) and bristles absent on the head in larva (121:0). 

(3) PARSIMONY COMBINED ANALYSIS, RESTRICTED DATASET: Restricting the total-evidence 
dataset to include only species for which both molecular and morphological data were available 
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resulted in a matrix with 53 taxa, of which 39 were from the New World. The corresponding 
tree search recovered a single most parsimonious tree (fig. 3) with Fit 703.17781 (table 2). 
Clade support was in general much higher (average GC = 96 to 99). The clade with all New 
World Polistes was supported by four synapomorphies (GC = 96): occipital carina extending 
to middle of the eye (35:1), propodeal striae centrally strong, laterally evanescent (63:2) and 
propodeal orifice elongate (67:2) and galea bilobed, with two apical sensilla on one of lobes, or 
trilobed (133:1). The reduction in taxon sampling resulted in two clades: one including Polistes 
(Onerarius) sister to the single representative species of Polistes (Palisotius), P. major. The two 
subgenera were sister to Polistes (Fuscopolistes). The other clade including Polistes (Epicnemius) 
was recovered as sister to the Polistes (Aphanilopterus). 
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FIGURE 1. Single most parsimonious tree obtained in the analysis of morphological and behavioral data for 
101 species of Polistes (opposite page and continued above). Node numbers represent support values from 
symmetrical resampling. 


Polistes (Onerarius) was supported by four uniquely derived synapomorphies: malar space 
longer than wide (18:2); base of metasomal sternum VII of male with anterior lobes (98:1); 
larval cuticle mostly clear, with dark bands on the head (129:2), and shape of nest comb sub- 
circular (136:1). Polistes (Palisotius) was supported by one uniquely derived synapomorphy: 
epicnemial carina incomplete (45:2). Polistes (Fuscopolistes) (GC = 99) was supported by two 
uniquely derived synapomorphies: clypeus narrowly separated from eye in male (92:2) and disc 
of metasomal sternum VII of male tuberculate (97:1). Polistes (Epicnemius) (GC = 99) was 
supported by three uniquely derived synapomorphies: epicnemial carina complete (45:1); larval 
teeth robust (125:1); and larval cuticle dark (129:0). Finally, Polistes (Aphanilopterus) (GC = 
98) was supported by one uniquely derived synapomorphy: malar space transverse (18:3). 
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FIGURE 2. Single most parsimonious tree obtained in the analysis of morphological, behavioral and molecular 
data for 101 species of Polistes (opposite page and continued above). Node numbers represent support values 
from symmetrical resampling, reported as absolute frequencies. 


DISCUSSION 


MORPHOLOGICAL DIVERSITY IN Polistes 


Polistes has been notorious for its homogeneity in external morphology (Richards, 1978; 
Carpenter, 1996a, 1996b; Arévalo et al., 2004). Previous work on the phylogeny of the genus 
relied on relatively few morphologial characters: even when augmented by scoring of behav- 
ioral traits, most previous studies never coded more than 48 morphological traits. Pickett and 
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FIGURE 3. Single most parsimonious tree obtained in the analysis of morphological, behavioral, and molecu- 
lar data, with the dataset restricted to the 53 species of Polistes for which molecular data was available. Node 
numbers represent support values from symmetrical resampling, reported as absolute frequencies. 
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Carpenter (2010), investigating the origins of eusociality in Vespidae, used 333 morphological 
and behavioral characters, but most of those were not informative for the internal phylogeny 
of Polistes. Historically, it has resulted in generally poorly resolved phylogenies (Arévalo et al., 
2004; Pickett and Wenzel, 2004), although the adoption of DNA sequences as an additional 
source of characters has contributed to ameliorate this scenario. Obtaining DNA-grade speci- 
mens for a comprehensive sample of a speciose and widespread genus such as Polistes, however, 
has been challenging. The largest phylogeny of Polistes to date (Santos et al., 2015) included 58 
species of the genus, of which 37 were from the New World. Hence, the generation of more 
extensive phenotypic datasets may be an important alternative to include species for which 
DNA-grade specimens are unavailable or hard to obtain. 

Our phenotypic dataset recovered the five subgenera of New World Polistes as monophy- 
letic; the same result was observed in the total-evidence phylogeny, both for the complete (104 
species) and restricted (53 species) datasets. The relationships among the five subgenera, how- 
ever, differed across our three analyses. 

Some of the morphological characters seem to have a stronger phylogenetic signal than 
others, that is, have higher CI and RI values, because they are determinant in subgeneric recov- 
ery and in some groups of species. The most notable synapomorphy of Polistes is the conical 
shape of the first tergum of the metasoma, different from the other genera of Polistinae. How- 
ever, we observed some variation in the shape of this tergum, which revealed an important 
character among the Polistes species. The species of P. (Fuscopolistes), P. (Palisotius) and P. 
(Onerarius) have the tergum as wide as long, or sometimes even wider than long, abruptly 
widening anteriorly; while in P. (Aphanilopterus) and P. (Epicnemius) tergum I is longer than 
wide, gradually widened toward the posterior portion. 

The epicnemial carina on the mespisternum is present and well developed in all P. (Epicnemius) 
species (45:1). In P. (Fuscopolistes) it is present in few species but generally reduced (45:2). The carina 
is completely absent in P. (Aphanilopterus), P. (Palisotius) and P. (Onerarius) (45:0); some species of 
these subgenera may have a weak groove in the mesepisternum in place of the epicnemial carina. 

The dorsal groove of the mesepisternum is present and well developed in all species of P. 
(Aphanilopterus), P. (Palisotius), P. (Onerarius) and P. (Fuscopolistes), the single exception 
being P. (Fuscopolistes) poyei, for which the dorsal groove is very weak and present only at the 
anterior part (44:2). For P. (Epicnemius) the dorsal groove is generally absent altogether (44:0), 
or when present, weak and developed only in the anterior part (44:2). 

The clypeus dimensions and the extent of contact between the clypeus and the eyes also 
help in the separation of groups of species within the subgenera. In P (Epicnemius) thoracicus 
the clypeus is narrowly separated from the eyes (11:2). In some species of P. (Fuscopolistes), P. 
(Palisotius), P. (Onerarius), the clypeus and eyes touch for an extent shorter than the width of 
the antennal socket (11:1); in most species of P. (Aphanilopterus) and P. (Epicnemius) the 
clypeus and eyes touch for an extent equal to or longer than than the width of the antennal 
socket (11:0). Likewise, P. (Fuscopolistes), P. (Palisotius), P. (Onerarius) and P. (Aphanilopterus) 
usually have the clypeus as long as wide (1:0), sometimes wider, while for some species of P 
(Epicnemius) the clypeus is longer than wide (1:1). 
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In relation to the occipital carina (34, 35), usually in the species of P. (Epicnemius) we find 
the occipital carina more developed, extending to the region of the gena (35:2); in the other 
subgenera, the occipital carina usually presents on the central region of the head (36:0), to the 
middle of the eyes (35:1). In relation to the pronotal carina (37, 38), usually in the species of 
P. (Epicnemius) we find the pronotal carina a little sharper and more developed (38:1), reaching 
the end of the pronotum (37:1) or to the humeral region (37:2); in the other subgenera, the 
pronotal carina may be strong but rounded (30:0). Some species of P. (Epicnemius) have a 
central projection in the gena, becoming wider than the eye (in lateral view) and the humerus 
projecting laterally (39:1,2), while in most Polistes species, the humerus is not projected (40:0), 
the pronotum being almost entirely rounded. 

The propodeal striae separate large groups in Polistes. For P. (Fuscopolistes), P. (Palisotius) 
and P. (Onerarius) the striae are strong and well marked (63:0), generally developed laterally, in 
P. (Aphanilopterus) a large group of species has these striae developed up to the border of the 
propodeum, however, some species have strong striae only in the center (63:1); in P. (Epicnemius) 
these striae may be weaker or evanescent in the center and laterally on the propodeum (63:2). 

For males, the clypeus (92, 93) is usually in contact with the eye (92:0,1) in P. (Aphanilop- 
terus) and in P. (Palisotius), however, in some species of P. (Epicnemius), P. (Fuscopolistes) and 
P. (Onerarius) the clypeus is separated from the eye (92:2, 3). The male's antenna (81-93) has 
important morphological differences for the phylogeny, generally the last flagellomeres on antenna 
apex can be fine (91:0) or coiling (91:1) in some P. (Fuscopolistes) and P. (Epicnemius) species. 

The male genitalia were also a source of morphological characters. Previous work on vespid 
taxonomy indicated the possibility of the use of male genitalia in phylogenetic matrices 
(Andena and Carpenter, 2012; Hermes et al., 2014). More recently, Somavilla et al. (2018) 
described the genitalia morphology for many species of New World Polistes, highlighting a 
considerable number of variable characters of potential use in phylogenetic analyses. In the 
paramere, the apical spine and the apical bristles show variation across Polistes species, as does 
the length/width ratio. Structures such as the aedeagus and the digitus helped to separate large 
species groups; the species of P. (Fuscopolistes) have a more robust aedeagus (111:0), with the 
teeth in the apical portion more developed (118:3) than in species of P. (Aphanilopterus), P. 
(Epicnemius), P. (Palisotius), and P. (Onerarius); differences in the penis valve (113, 114) and 
apodeme (119, 120) were also observed. The digitus in P. (Fuscopolistes) has the apical process 
reduced (104:1) and punctate throughout (105:0). The species of P. (Aphanilopterus), P. (Epic- 
nemius), P. (Palisotius), and P. (Onerarius) have the apical process well developed (104:0), 
sometimes with the apex varied from rounded to pointed, with reduced punctation usually 
placed laterally (105:1). A more detailed discussion about characters in the male genitalia of 
Polistes can be found in Somavilla et al. (2018). 


COMPARISON WITH PREVIOUS STUDIES 


All our analyses, using either solely phenotypic traits or combined phenotypic and molecular 
data, recovered the species of Polistes from the New World as a monophyletic group. The same result 
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was also found previously in the analyses performed by Arévalo et al. (2004), Pickett and Wenzel 
(2004), Pickett et al. (2006) and Santos et al. (2015), all of which had used a smaller sample of New 
World taxa. Pickett and Carpenter (2010), in contrast, recovered the New World species as para- 
phyletic, with the Old World species P jokahamae and P. tenebricosus nested within the P. (Epicne- 
mius) clade. The latter study was the first to include molecular data from loci other than COI, 
adding sequences for three ribosomal loci (12S, 16S, and 28S). At the same time, the morphological 
matrix in Pickett and Carpenter (2010) was focused mostly on resolving the higher-level phylogeny 
of Vespidae, with few characters informative for Polistes. Santos et al. (2015) added data from two 
protein-coding loci (H3 and EFl-a) and adopted the phenotypic characters from Pickett et al. 
(2006), which focused on the variation found among Polistes species. While their total-evidence tree 
yielded a monophyletic group of New World Polistes, the tree based on molecular data alone still 
found three Old World species nested in P (Epicnemius). However, this relationship disappeared 
when only protein-coding molecular data was considered, once again recovering the New World 
species as monophyletic. Hence, it is possible that the placement of P jokahamae and related species 
in the New World clade may be an artifact generated by unalignable regions in ribosomal loci. 

Our results also strongly support the validity of the five subgenera proposed by Richards 
(1973); for the total-evidence analyses, support for the monophyly of all subgenera represented 
by multiple species was almost always >0.90, and each subgenus was supported by at least one 
uniquely derived synapomorphy. 

In a previous analysis based on morphological characters, Carpenter (1996b) had recovered P. 
(Aphanilopterus) and P. (Epicnemius) as paraphyletic and, largely based on that result, suggested 
synonymizing all New World genera with Aphanilopterus. Pickett and Wenzel (2004) added COI 
sequences to their phenotypic dataset and recovered a similar result, with species from several 
subgenera nested within a clade composed mostly by species of P (Aphanilopterus). In the same 
year, however, Arévalo et al. (2004), found a different result combining COI sequences with micro- 
satellite data and morphological characters. In their analyses, the New World species grouped in a 
five-clade polytomy, with each lineage corresponding to one of Richards’s (1973) subgenera. 

Later, Pickett et al. (2006) combined the nonoverlapping COI fragments used by Arévalo 
et al. (2004) and Pickett and Wenzel (2004) and a modified phenotypic character set. Their 
analyses recovered a topology consistent with five subgenera, but the authors preferred to 
continue to recognize a single New World subgenus “until anything resembling phylogenetic 
stability has been reached.” Subsequent analyses incorporated further molecular data from 
ribosomal (Pickett and Carpenter, 2010) and nuclear protein-coding (Santos et al., 2015) loci; 
both studies recovered P. (Onerarius) nested within the P. (Fuscopolistes) clade, but it is hard 
to determine whether this was a result from the inclusion of more molecular data, since in both 
studies P. carnifex was represented only by COI sequences. At any rate, the coding of additional 
phenotypic characters for this study seems to have been instrumental in recovering P. (Oner- 
arius) as distinct. 

The relationship among subgenera has been unstable not only among our three analyses 
and datasets, but among previous works as well, with almost every possible combination of 
relationships found across various studies (fig. 4). So far, the only seemingly well-established 


18 AMERICAN MUSEUM NOVITATES NO. 3973 


result, as shown by most total-evidence analyses, is the close relationship between P. (Oner- 
arius) and P. (Fuscopolistes). Most recent studies have also shown P. (Fuscopolistes) and P. 
(Aphanilopterus) more closely related to each other than to P. (Epicnemius), with the placement 
for P. (Palisotius) the most unstable across various analyses. 

Overall, studies since Pickett et al. (2006) have progressively increased the amount of data and 
the number of taxa used for inferring the phylogeny of New World species of Polistes. The results 
have supported the recognition of at least four of the five subgenera of Richards (1973), with support 
for P. (Onerarius) still equivocal in some of the past studies. Herein we have greatly expanded the 
phenotypic dataset, including almost every species occurring in the New World, and found stronger 
support for a classification into five subgenera. While additional data are needed to elucidate the 
relationships among subgenera and future studies may change the status of P. (Onerarius), we 
believe we have approached the semblance of phylogenetic stability required by Pickett et al. (2006) 
to make changes to the sugeneric classification. Hence, we propose the revalidation of the five sub- 
genera proposed by Richard s (1973) as monophyletic and diagnosable groups, as follows. 


SYSTEMATIC ACCOUNTS 


Polistes (Onerarius) Richards, 1973, status rev. 


Onerarius Richards, 1973: 94, 101. Type species: Vespa camifex Fabricius, 1775, by original 


designation. 


INCLUDED SPECIES: P. carnifex. 

Diacnosis (morphological synapomorphies in boldface):Body large, about 30 mm or more 
in length. Color light brown to yellowish. Malar space longer than wide. Clypeus distinctly 
separated from the eye, or when in contact, touching the lower edge of the eye. Pronotal fovea 
present. Epicnemial carina absent. Mesepisternal dorsal groove strong and complete. Propodeal 
striae strong, surpassing the metapleural border. Tergum I slightly wider than long, abruptly 
widened in lateral view. Last sternum laterally with two tubercles. Male genitalia with robust 
aedeagus, teeth on apical portion well developed and strong; penis valve dilated and nonbi- 
lobed; digitus with developed apical process and rounded anteroventral lobe. 


Polistes (Palisotius) Richards, 1973, status rev. 


Palisotius Richards, 1973: 95, 96, 100. Type species: Polistes major Palisot de Beauvois, 1818, by origi- 
nal designation. 


INCLUDED SPECIES: P. major, P. palmarum, and P. paraguayensis. 

Diaenosis: Body large, about 25 mm long. Color usually dark yellow with brown marks or 
completely brown. Tergum I slightly wider than long, abruptly widened in lateral view. Malar 
space as long as wide or weakly transverse. Clypeus in female touching eye for an extent smaller 
than diameter of antennal socket; in males, clypeus touching the ventral edge of the eye. Pronotal 
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fovea present. Epicnemial carina, when present, incomplete. Mesepisternal dorsal groove con- 
spicuous, complete. Propodeal striae strong, developed at the most to propodeal margins. Poste- 
rior sternum laterally without tubercle. Male genitalia with aedeagus thin, teeth on apical portion 
intermediate; penis valve dilated, nonbilobed or weakly bilobed; digitus with developed apical 
process and rounded anteroventral lobe. 


Polistes (Fuscopolistes) Richards, 1973, status rev. 


Fuscopolistes Richards, 1973: 95, 96, 100. Type species: Vespa fuscata Fabricius, 1793, by original 
designation. 


INCLUDED SPECIES: P. apachus, P. aurifer, P. bellicosus, P. carolina, P. dorsalis, P. flavus, P. 
fuscatus, P. hirsuticornis, P. metricus, P. parametricus, P. poeyi, P. rossi, and P. rubiginosus. 

DiaGnosis: Body large, about 25 mm in length, except for P poeyi which is smaller, about 
15 mm. Species with varying pigmentation: entirely brown or yellowish, or with extensive spots 
on mesosoma and metasoma. Malar space as long as wide. Clypeus in female touching eye for 
an extension shorter than diameter of antennal socket; in male, strictly separated from eyes. 
Pronotal fovea present. Epicnemial carina absent. Mesepisternal dorsal groove distinct, some- 
times incomplete. Propodeal striae strongly marked on center, laterally weaker but reaching 
propodeal margin laterally. Tergum I slightly wider than long, abruptly widened in lateral view. 
Posterior sternum with tubercles. Male genitalia with aedeagus strong, teeth on the apical por- 
tion developed and prominent, generally with smaller teeth intercalated; penis valve dilated 
and strongly bilobed, digitus with reduced apical process and pointed anteroventral lobe, 
except in P. poeyi 


Polistes (Epicnemius) Richards, 1973, status rev. 


Epicnemius Richards, 1973: 96, 102. Type species: Polistes bicolor Lepeletier, 1836, by original 
designation. 


INCLUDED SPECIES: P. actaeon, P. angulinus, P. atrox, P. bequaertianus, P. bicolor, P. bil- 
lardieri, P. boharti, P. candidoi, P. cinerascens, P. claripennis, P. davillae, P. deceptor, P. gemi- 
natus, P. melanosoma, P. moraballi, P. niger, P. obscurus, P. occipitalis, P. pacificus, P. rufiventris, 
P. subsericeus, P. testaceicolor, P. thoracicus, and P. torresae. 

Diacnosis: Body of moderate to large size, 10-25 mm in length. Species with varying pig- 
mentation: black or yellowish, with extensive spots on mesosoma and metasoma. Malar space 
slightly wider than long. Clypeus in female touching eye for an extent equal or greater than 
diameter of antennal socket; in male usually touching eye except for P. thoracicus. Pronotal fovea 
present or absent. Epicnemial carina complete and strongly distinct. Mesepisternal dorsal 
groove usually present and complete, sometimes incomplete or absent. Propodeal striae weak, 
sometimes evanescent, rarely with stronger striae restricted to central concavity. Tergum I longer 
than wide, gradually widened in lateral view. Last sternum without tubercles. Male genitalia with 
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FIGURE 4. Summary subgenera relationships for New World Polistes obtained in our analyses compared to 


previous studies. 
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aedeagus slender, teeth on the apical portion reduced or evanescent, penis valve little dilated and 
not or only weakly bilobed, digitus with developed apical process and rounded anteroventral lobe. 


Polistes (Aphanilopterus) Meunier, 1888 


Aphanilopterus Meunier, 1888: 302. Type species: Aphanilopterus vagabundus Meunier, 1888 [= Vespa 
lanio Fabricius, 1775], by monotypy. 

Polistarchus Richards, 1973: 94, 95, 101. Type species: Vespa canadensis Linnaeus, 1758, by original 
designation. Syn. n. 


INCLUDED SPECIES: P. adelphus, P. annularis, P. apicalis, P. arizonensis, P. aterrimus, P. baha- 
mensis, P. bequaertellus, P. biguttatus, P. binotatus, P. brevifissus, P. buyssoni, P. canadensis, P. 
cavapyta, P. cavapytiformis, P. comanchus, P. consobrinus, P. crinitus, P. cubensis, P. dominicus, 
P. eburneus, P. erythrocephalus, P. exclamans, P. ferreri, P. franciscanus, P. goeldii, P huacapistana, 
P. incertus, P. infuscatus, P. instabilis, P. kaiababensis, P. lanio, P. lineonotus, P. maranonensis, P. 
melanotus, P. mexicanus, P. minor, P. myersi, P. ninabamba, P. notatipes, P. oculatus, P. penai, P. 
peruvianus, P. pseudoculatus, P. ridleyi, P. rufidens, P. satan, P. simillimus, P. stabilinus, P. vera- 
crucis, P. versicolor, PR weyrauchorum, and P. xanthogaster. 

Diacnosis: Body of moderate to large size, 10-25 mm in length, some species large, 30 
mm in length. Species with varying pigmentation: totally dark brown or black to yellowish, or 
with extensive yellow or reddish spots. Malar space transverse. Clypeus in female touching 
eyes for an extent equal or greater than diameter of antennal socket; in males usually touching 
eyes. Pronotal fovea present but somewhat reduced in some species. Epicnemial carina com- 
pletely absent. Mesepisternal dorsal groove conspicuous and complete, except for P penai and 
P. oculatus in which is weak and incomplete. Propodeal striae varied, sometimes mostly weak, 
stronger only on central concavity, sometimes strong and extending to propodeal margin. 
Tergum I longer than wide, gradually widened in lateral view. Last sternum without tubercles. 
Male genitalia with aedeagus slender, teeth on the apical portion reduced, sometimes medium 
sized; penis valve dilated and nonbilobed or weakly bilobed, digitus with developed apical 
process and rounded anteroventral lobe. 


Key to the New World Polistes Species 


The dichotomous key is based on female morphological characters. Geographical distribu- 
tion is summarized. 


1. Metasoma tergum I more enlarged, wider than long or as wide as ea in dorsal view, dilated 


abruptly in lateral view .......... Morea er ssten see 
— Metasoma pete I not cilareeds longer ine wien in sores view, Failateal gradually in in lateral 
view . ae een he) 


2. iMalar’< space longer than wide; Siaets reaeoniy Sepacied sou the’ eyes, or rwhend in contact just 
by tapping on the margin of the eyes; color light brown to dark yellow; generally, more robust 
Species; Withr50cmin 1OMesOr MOTet. ahs. ofl ste as Beak eedeuen's scheme ig ee P. (Onerarius) - P. carnifex 

(from southern United States to Argentina) 
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Malar space as long as wide or weakly transverse; clypeus always in contact with the eyes, usu- 
ally the part in contact with the eye is less than or equal to the diameter of the antenal socket 
SiZe.. needantetinte aaidde Pata stilt a seater te atietagtantwdyt astern nae D 
Mesos diennnin with epciieriial carina raintonalere sist aAsiblen metasoma sternum without a 
tubercle.. BN Ue eS ee ee a, Oe Nt cee. ee ..P. (Palisotius) - 4 
IMesepisterhtnt withone an epeiieniall carina, some species vive a otal’ groove but no carina; i 
visible metasoma sternum with a central tubercle.........c.cccccceseeseseseessseeseeees P. (Fuscopolistes) - 
Pronotum humeri projected laterally, in dorsal view; epicnemial groove absent; color dark ae 
with reddish aspect, with few yellow markings; scutum black with large brown spots; propodeum 
dark brown with two broad yellow stripes laterally .......... 0... cesses e eee e ees P. paraguayensis 
(in central-south Brazil, Argentina and Paraguay) 
Pronotum humeri not projected laterally, pronotum rounded on the sides, in dorsal view; with a 
weak epicnemial groove; pigmentation light brown or pore without reddish aspect; propo- 
deum with uniform color............... araninaten tere 
General color yellow or dark bean: hen allows Trielet some s dave roa apnea on ihe base of tergum 
and legs; when brown, almost completely dark brown, without spots of other color; scutum completely 
dark brown in both forms; terga I-II with evident bristles; dark-brown wings............ P. major 
(from the United States to central Brazil) 
General color light brown; without black spots and reduced yellow marks in pronotum; terga I-II 
without evident bristles; light-brown wings............... siete visas SesleePARNARUM 
‘Gouthwectenn United States and Mexico) 
Dorsal groove evanescent, present only in initial dorsal portion; generally small, 15 mm long 


AF .P. poeyi 

“Guba, Haiti; nae Dorniiean Republic) 

Dorsal groove developed, usually complete; usually more robust, larger than 20 mm long..........7 
Color of metasoma entirely brown or black, without evident yellow marks but when present are 
reduced to an apical yellow band in tergum I... Er eer MCN | 
Color of metasoma entirely yellow or brown; when brown with Rats yellow m makes and may have 
apical yellow band in the terga I-VI... een. S ner |e) 
Mesosoma black or extensively dark aa metasoma eeconieleehy mbiaee, sometimes auciga I-II 
with dark-brown aspect, and may or may not have apical yellow bands... eeseseeeeeeeeeeeeeeees 9 
Mesosoma brown; metasoma completely brown................. fern ty Neat dell 
Scutum dark brown, with two black stripes in the sides; tere 1 Ul Black swith ake brown aspect, 
Leroa TV It DIAC Kao ves ewes ettnay fon Soa ttaneeenanen ed calctya ati te aughb ten stavichooeeater dav delsvensedaleeavede SMELTICUS 
(United States) 

Scutum completely black; terga I-VI black, usually tergum I with an apical yellow band.......... 10 
Tergum I with a longer apical yellow band; punctation a little deeper and stronger with distinct 
punctures orimesosom aanidiclypeuss...casnicbardpod sees cnaih stress coh daesetayn cts pasasiel- arent 2PM EAINOLT ICUS 


(United States) 
Tergum I with a narrow apical yellow band; punctation very small and shallow, without distinct 
Puilletures On-MmesosOma-aNdMClyPeUS: x... aa elesewee caine net otegesede ties dtedecesteaesseoeeated + MEE SULICOL TUS 
(United States) 
Propodeal striae strongly marked and extending to the metanotum border; clypeus punctation 
deep and spaced; usually more robust, about 25 mm 1ONG...... eee eeeeeeteeeteeeseeenees P. rubiginosus 
(United States) 
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EAs 


3s 


14. 


V5! 


16. 


ie 


18. 


19. 


20. 


Propodeal striae strong only on the center and weak on the sides, not extending to the metanotum 
border; clypeus with a small and shallow punctation; Sig smaller ei less than 23 mm 
longer. .one. ieee ere Per ane anne 
General olor Beowat withe a fois BER rinaicles aie they are presen: dorsal groove weak......... 
.....P. carolina 

(United States) 

General color brown, with large black marks on the tergum and legs; sometimes general color 
dark-brown, almost black; dorsal groove strongly marked... cceeeeeseeseees P. fuscatus (in part) 
(southern Canada and the United States) 

Metasoma yellow or brown with extensive, poorly defined yellow spots oe almost entirely...14 
Metasoma brown with well-defined apical yellow bands................. Bees ek 
Color of the head and mesosoma dark-brown with some Black made: on isthe: vertex Bana scutum; 
terga I-III brown at the base and almost entirely colored with irregular yellow spots, terga IV-VI 
VOM OWe weasieBbaauihdedon Meceaamea cues Veneta wont Mistox? wai cegeen ee AUnIen 
eisvithert Canad, ‘United States ain Mexico) 

Color of the head and mesosoma yellow without black marks; tergum I ue a or with 


brown spots, terga II-VI entirely yellow... APY be peta Pars be) 
Scutum with large light-brown marks; tran I aan rae, base aaa sical region more vellne 
winds hyaline tose hUDrOWIy xin. 2 halen ris. aledede lat Donnan lat emsnene ere ..B. apachus 


eniiited States ‘ait Mexico) 
Scutum completely yellow or yellow with one central brown mark; ad I completely yellow; 


Wales Peas he LAC le 55 Patra eat ea sek eats A boned comes oka Macdee ait ..B. flavus 

~ (United States andl Mexico) 
Clypeus touching the eyes by a distance equal to the diameter of antennal socket... 17 
Clypeus touching eyes by a distance shorter than the diameter of antennal socket... 18 


General color light brown with small black marks; scutum brown with a narrow central mark and 

two black side stripes; mesepisternum brown; vertex black only on the region of the ocelli; coxae 

BW ith 5 sania ete ta it. a MmeR hte ieeto a Paselae tulercct. cua Mtste Wedbianatte a te belt etl tz ote taeda dey MtleNl PELLECO SUES 

(United States) 

General color dark brown with large black marks; scutum completely black; mesepisternum black; 

wertexslarmely blacks COxAe DIAG Rr. F sccehetc datasets cd iteanedeaetetanet en laratesentesdaca tated P. fuscatus (in part) 

(southern Canada and the United States) 

General color dark brown, with larger yellow marks; usually a yellow mark on the region of the 

gena; scutellum and metanotum with yellow nae propodeum with two ee lateral stripes 

s i ..P. dorsalis 

eouiienn eWinited! States, Merle. to nosis Rica) 

General color light brown, appearance paler; yellow marks reduced; gena completely light 

brown; scutellum and metonotum brown; eae brown without two yellow lateral 

1 0 | D1 op Aa ered, Me re Ref Dre RS RR NO a te Viasat tere FOSS! 

Weouthenn United States and Mexico) 

Mesepisternum with an en carina, sometimes oe pi and sometimes weak, but Bes 
PECSCHIEL ch Laeteers Bes Reha asain brute tite meeceny ee ..P. (Epicnemius) - 

Nictenisteriidin without an Sepieneriial carina.. Pa rene ..P. (Aphanilopterus) - Z 

Mesepisternum with a dorsal groove, sometimes Aaincornplee arate sometimes weak, but always 

PIRES CITE 15 Sake cm ght tee cate AR ML ONS ioe MULES SRM Mee Lr Rene reine bles wah ban had aM be ecmasbana ese tudes Ao eel 
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24. 


25. 
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Mesepisternum without a dorsal groove ........... itaenee 


. Clypeus separated from the eyes; general fniee rine miccepisrermuirn isveely Baek erry er 


..P. thoracicus 
Wesateal Brazil, Argentina nnd Paraguay) 
Clypeus always in contact with the eye............ es eae weed, 


. Clypeus in contact with the eyes for a aisance shorten cha the diameter oi the anipaal ac 


humeri weakly projected on the sides; pronotum more rounded.............e00 bs ghc2o 
Clypeus in contact with the eyes for a distance equal or larger ad the Hamel SE Arsitel 
socket; humeri strongly projected on the sides; pronotum quadrate, with a central projection 
Scutum black; mesosoma with large yellow marks; terga I-VI with apical yellow bands; reduced 
pubescence, when present, whitish in appearance; wings baa LOL SMEDTO WIN oe 'shotis et ile selina 
..P. billardieri 

Waoare aonthens Golombia’t to ocho Brazil ata Argentina) 

Scutum reddish brown with ferruginous aspect; mesosoma with reduced yellow marks; tergum I 
with apical yellow bands, terga II-VI color uniform black, without apical yellow bands; pubescence 
more evident and golden; wings dark brown.............eeeeeeee Wales ..P. subsericeus 
(eon Gvenenichet to scented Brazil) 

General color light brown, mesosoma with large yellow marks; metasoma completely light brown 


SWALNOUE CALKES OLS o0%, area che Alii 2 MC, ONL, Pian Gna te ant Meclaitnee sd treme CHARIPEN MIS 
oppaailian ieee and Peru) 

General color yellow, mesosoma with brown marks; metasoma yellow with large black spots......... 25 
Top region of the gena more enlarged, in dorsal view; tergum I slender and with black spots; 
tergum II yellow with black mark only at apex......... 0... cc eessseeeseeseteseeeetetetetereeeeeeeeeeeL Moraballi 
(Guyana) 


Top region of the gena narrower, in dorsal view; tergum I more robust and yellow and with 
reduced black spots, tergum II completely yellow, ee III-VI almost entirely black............ 
z ..P. testaceicolor 

(Gon. Costs Rta to the Bravia Amazon) 


Gena largely dilated on central region, genal width always wider than eye, in lateral view............... 27 
Genal width equal to or slightly wider than eye on central region in lateral view.................. 29. 

. Anterior margin of pronotum sinuous, with a strong central projection... eee sD atrox 
(Brazil: Para) 

Anterior margin of pronotum straighter, without a central projection....... 0... ale 

. Metasoma dark brown; golden pubescence more evident.......... i eeeeeeeee eee eeee ee PapnenEnS 


Colombia, Ecuador: ‘Guyana: and the Beaailvan Amazon) 
Metasoma light brown; golden pubescence not evident... eeeee eee ..P. occiptalis 
(fom Pananiase to 5 eehtral Brazil) 


. Clypeus in contact with the eyes for a distance shorter than the diameter of the antennal 


SOIC ET, se setcate rnnemerncnnuresate eas rete accent ane aanian axegusny Se pecaie rememerhae talacde os srndtnre ee etre acu anaw aetyeaty ache 30 
Clypeus in contact with the eyes for a distance equal to or cee than the diameter of antennal 
SOcket Seca as ED bose | 
. General éolor black, sometimes =e ith sitial Brown rita metasoma seonipletely lace MA Ae AS 31 
Head and mesosoma almost entirely black; metasoma completely brown................ beast =| 


. Color totally black, without brown spots; wings with blackish to dark ann whieh pubbewesacs 


aLOuivdkallbGyer TCI OGY 34 a4 ohaettapiane St wutnes Pstuart ocaran eee Sance Rapes ardlut Rous tales ..P. niger 
“i Gélomnbia ana Brazil) 
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32. 


335 


34. 


35: 


36. 


Bi 


General color black, with small brown marks; wings brown but never blackish; pe pubescence 


around the body.... eaueye Pease 
Anterior margin of eenotm rounded, gena aclightly iddatedie on iicentealit region, ft ven width wider 
than eye, in lateral view; generally more robust, about 20 mm long... eee P. deceptor 


(from Panama to central Brazil) 

Anterior margin of pronotum straighter, rounded only on humeral region; genal width equal to eye 
width on central region in lateral view; smaller, usually not exceeding 17 mm long............. P. obscurus 
(Brazil, Argentina, and Paraguay) 

Anterior margin of pronotum sinuous, with a weak central projection; humeri strongly projected; wings 
hyaline with dark-brown to black venation; more robust species, usually more than 20 mm long...P bicolor 
(from Costa Rica to central-south Brazil) 

Anterior margin of pronotum straight, humeri weakly projected; wings brown with light-brown 
venation; small species usually not exceeding 15 mm long................. eee eee P. bequaertianus 
(Argentina: Misiones; Paraguay) 

Anterior margin of pronotum sinuous, with a strongly central projection............ eee ee 3D 
Anterior margin of pronotum straighter or rounded, without a central projection............... 36 
General color black, usually with small brown marks; anterior margin of pronotum with a weak 
central projection; larger species, usually more than 20 mm long ................... P. melanossoma 
(from Guiana to southern Brazil and Argentina) 

General color black with pronotum, scutum, and tegulae dark brown; anterior margin of prono- 
tum with a very strong central projection; smaller species, usually not exceeding 17 mm long...... 
| ans HN Se nd RISE Re eC SOP Reh eA IY. SERRE ER IAM, EAT NN EPP Aote P. angulinus 
Sate and the Brazilian Amazon) 


Species of small size, no more than 12 mm long............. Rgeseid es egeacino, 
Species intermediate in size, generally larger than 15 mm lone ue not Peccocdine 20 TTT ricci 38 
General color black, with large brown marks on pronotum, mesepisternum, propodeum, and legs; 


narrow yellow bands on mesosoma; terga I-II with an apical yellow band; golden pubescence on 
|AnCeLA‘i4 0(6] (2x10 018 | APR Sem, POON BRN Poh VMPC R UPN DREN Pay SWOT EN PDs oP T RCD rn a ORe P. geminatus 
(from Guyana to central Brazil) 

General color black without large brown marks; larger yellow bands on mesosoma; terga I-VI with 
an apical yellow band; whitish pubescence on the whole body... eeseeeeeeeseseeeneees P. davillae 
(Brazilian Amazon) 


. General color of metasoma brown, some specimens black with yellow marks.............P pacificus 
(from southern United States to southern Brazil and Argentina) 

Genetal.color olsinetasornasblackoa a8 ie Main ction a hate n Bicbse eaten eas ease dads SnD 
 Rergaa blacks With sapicale vellOw: (DATS ict. ade. weeks clam odd tale nshioen iat. wpdlte adele seers AU diane edb Beta 40 
Terga completely black without apical yellow bands........... cesses eseecec esse ee eeeeeeeee AD 

. Terga I-III with apical yellow bands, terga IV-VI black... eeeeeeeeeeeeeeeseeeebe boharti 
(Mexico) 

Terga I-VI with apical yellow bands.. eae Phenies Al 

. Mesosoma with small yellow marks; sronodéedini couples Black: punceation idee anal Bice: on 


ClyPeuszanids HesepisterwUN. 5 58 Rak. ented nen cartt seminal P. cinerascens 
(from Mexico to southern Brazil and Argentina) 
Mesosoma black with yellow marks on the pronotum, scutum with two yellow stripes on the sides, 
scutellum and metanotum almost entirely yellow; propodeum with two yellow stripes on the side; 
punctation evanescent and shallow on clypeus and mesepisternum....................4. P. torresae 
(Guyana, Suriname, and the Brazilian Amazon) 
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Mesosoma almost black with small yellow marks; PSE Se with two narrow yellow stripes on 
the’sidés; tersum Icompletely black....« 2.5.4 .sies con oe seaesenetesavnevs Aidtaaiteswecovnent sOCL@COM 
ier Arventing baa Paraguay) 

Mesosoma partially black with large yellow marks, scutum with two yellow stripes on the sides, 
scutellum and metanotum almost entirely yellow; propodeum with two larger yellow stripes on 
the sides;:tersum I'black with circular spots:omethe Side@S....i.. 0.0. emesdiiadeoameatehder ees P. candidoi 
(Bolivia) 

Mesepisternum with punctation small and shallow, without distinct, deep, and large punctures; 
propodeum with weak or moderately strong striae, usually concentrated on the center, not touch- 
ing the lateral margin of propodeum, if touching the side, they are very weak; usually smaller 
SHY 2) C5 I ofa Re RE EPROM A SD Ashe A DME ar ey earn RAZ LE A CO AI OURO? Whe DLP MANNIE A oa ee oie OE 44 
Mesepisternum with punctation bigger and deeper, with the presence of distinct, deep, and large 
punctures; propodeum with strong striae, developed to the lateral margin of propodeum; usually 
IAT SSS DECC Sercs anh stuiieed nen onceurhaa hi het acne land aucdulnasn nn tachlettah trend come aatialhuban nan ahi hadedaemies PS, 
Pronotal carina strongly acuminate, sharp; general color black without pale marks; when these are 
present, extremely small; wings completely or partly black....... Ne: 
Pronotal carina weak, if higher then rounded and never acuminate; waried eigen never pecompleteli 
black, with large yellow and ferruginous marks; wings hyaline to brown, but never black.......... 47 
General color black with metallic appearance; wings completely black; apex of clypeus and man- 
diblessreddish;punctation wery*siniall carid. Slallowe.. 13s. a-ettaeaes qn itnnarsazassebeageeziatoberneeet P. goeldii 
(Bahamas, Dominican Republic, and from Costa Rica to central Brazil) 

General color black without metallic appearance; wings dark brown; clypeus and mandible totally 


Occipital carina developed at the end of the gena; general color black with dark-brown mark- 
ings defined on pronotum, scutellum, tegulae, and legs; wings dark brown over their entire 
TIN Clg Wet eSgeRN ROP NS ho. Ch be Ce tay Ore i To eae See ARTI a oh al OE P. penai 
(Peru and Bolivia) 

Occipital carina developed at the middle of the eyes; color completely black, no brown marks; 
wings dark brown at the base and becoming hyaline halfway to apex..................0008 P. apicalis 
(Mexico, Central America to Guyana and Ecuador) 

Propodeum with weak striae only on middle of central concavity, not touching the lateral margin 
of propodeum; species usually with apical yellow bands on some terga.........cesseseeeeeeseeeeeeeteeeeees 48 
Propodeum with moderately strong striae on the middle of central concavity, touching the sides 
weakly; species usually without apical yellow bands on terga, but with circular spots on tergum I 


AN SOMPEL IMCS 1 Th tee Ud IN Be Seay deat eed eae aca a eee teeta Mh tes Ges Ma aes Raceline sen so Me Dee ae 62 
. Pronotim‘ rounded but humeri slightly projected: on thie Sid@s?........4..5-:cesecectn-pasienandeorscivanereedasbonenne 49 
Pronotum rounded to the fullest extent with the humeri not projected on the sides................. 56 
Eyes: with siniall bristles: oni their entire sur tac ests 7.0 ys 2. teite lt cA RM Bal coche Nd ook Bio etaed Meteo Ns: 50 
VCS MIALG: Pox SMM tanto wta Moar ese Meat aloe Aa atlas RM ets ele aw dee tt et betas ae Meet ete aa eee 52 
Pronotum and scutum with black color, with large yellow marks; tergum black with brown and 
yellowapicalbbands; size large;-220 min Lotte OP OMSL snack. c.docsevsscseden sate co seeheotessdiethecedectens P. cubensis 
(Bahamas and Cuba) 

Small species, not exceeding 18 mm long; color different from abOVe..... ee eesesseseeeeeeeeneneeeeeeeeees 51 
Golden pubescence on the whole body; scutum black with large brown marks and two yellow 
stripes on the sides; terga I-VI with narrow yellow apical bands... eee eeeeeeeeees P. incertus 


(Cuba, Haiti, and Dominican Republic) 
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54. 


55. 


56. 


aye 


58. 


61. 


Whitish pubescence on the whole body; scutum light brown with two yellow stripes on the sides; 

terga I-VI with larger yellow apical bands.. TPCT Puaxentiicuandsads stele MANIOT 

Gvietico! ‘Cuba: Haiti, Doinieane Republic and Buerts Rico) 

Pronotal fovea reduced and shallow; very small species, not exceeding 13 mm long; scutum light 

brown; propodeum black with two yellow stripes on the sides... eee eeeeee B crinitus 

(Jamaica, Dominican Republic, Puerto Rico, and Peru) 

Pronotal fovea developed; species medium sized, about 15-20 mm long; scutum dark brown, 

sometimes with yellow markings; propodeum brown with two yellow stripes on the sides......... 53 

Mesepisternum black with yellow markings; coxae and femur black, apical region of femur yellow...54 

Mesepisternum brown with yellow markings; coxae and femora brown, apical region of femur yellow...55 

Pronotal carina higher; scutellum brown with a wide yellow mark; propodeum striae a little stron- 

Geir ONSENE 2COMLER aa heat Bit Me edstiteiteacistitsles end lebtsldd oo Tile etepabne Pncasente ds. mantel Liehines Pm SONG OCUNAIIS 

(Mexico: Chihuahua) 

Pronotal carina lower; scutellum completely yellow; propodeum striae less Snags and weakly 

IMA Kedonstesceite res jk tba hicntemeh seeseadedade wots sBhaad apt Beletak nt dciencabetsshese ..P. instabilis 

(Gesin Mesica! to Costa Rica) 

Scutum narrow and partially black with two yellow stripes on the sides; about 20 mm long...... 

...P. bequaertellus 

(El Salvador) 

Scutum wider and completely brown without yellow stripes on the sides; about 18 mm long... 
Gata sa Budtass op Hen Set eyes Mikael dantcer ate Mees Aare e nee P. stabilinus 

(from Mexico to Honduras) 

Genalewidth: -at 'center lesssthan-eye. width, <in-slateral, viewed 2deqoaastes arse Plaine neeemaee ou 

Genal width at center wider than eye width, in lateral View................ cece eee ee eens 58 

Scutum, propodeum and tergum completely black; terga I-IV with yellow apical bands and terga 

Veavalewath brown apical bands. sais 5 «chess bens stan sen sn sdtgubenursa bane «wantin news le BANCISCAMUS 

(Guatemala) 

Scutum and propodeum brown, scutum with two yellow stripes on the sides; terga partially brown, 

terga I-VI with yellow apical bands.. Breiae sMeste anit satan an MEO MOLUS 

cputniesicns United States, Mein and Demunican Republic) 

Scutum black, with small brown lateral marks; mesosoma with small yellow marks; terga I-IV 

brown with yellow apical bands; wing venation light-brown... eeeeeeseeeeeeeeeeee ,P. bahamensis 

(southern United States and Bahamas) 

Scutum brown; mesosoma with larger yellow marks; wing venation dark brow... eee 59 


. Terga dark brown, without yellow apical bands; mesepisternum black with a yellow mark.....P. ridleyi 


(Brazil: Fernando de Noronha) 
Terga brown, with yellow apical bands; mesepisternum black or DrOWD..... eee eeseeeeeteeeeees 60 


. General color brown with extensive black marks; mesepisternum black with a yellow mark; pro- 


podeum black with two yellow stripes on the sides; legs largely black..................... P. oculatus 
(from Mexico to Costa Rica) 
General color brown with reduced black marks; mesepisternum brown with yellow marks; pro- 


podeum brown with two yellow stripes on the sides; legs largely DrOWDN.. weet eeseeeseseeeeeeeeeees 61 
Terga brown, I-VI with larger yellow apical bands........ ee een eee XONCIAIMANS 

~ (United States and Mexico) 
Terga brown, I-III with smaller yellow apical bands... sesssessseseseseesecesesseaeaeees P. arizonensis 


(southwestern United States and Mexico) 
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. Pronotal carina a little higher and usually developed to the end of pronotum, exceeding the 


WATS Ha FOO TOM a tere. sene ssa tennastreseupsnct tv saat Saspotenevesveveates vod spasincustoseabgoneveasanauds ceodove Maa beset ates abate acca wed 63 
Pronotal carina slightly lower and developed up to the humeri, but not extending into the humeri 
PES OM OR PTONGLUNI spe Art oe Mcgee core maamecacrp arena parts estes tsar, oe Ee opr Ne ctl a Una an eee OO 
aeGeneral-color: pale byellGwe st. =. Se. fre sus soceeenshs ade sudeoun p aelth snmingderBuseutne usd sie cio sacks COUTHEUS 
(Paraguay: Guaira) 

General color black-or brown, withilargevellow marks. is <A Meds c3.0Uiopi ot ore eaasaaathaser ctabedtente ct 
 scutuim. witheceneral color Dla che stig. cee ca ctl arite te niet AS GE Vols Vaan aa Sh Ladlcbateagtabad seats 65 
Scutum with general color brown................ mele cle 


. Scutum completely black; pronctitis ‘and propadeini ellos fotze 1 AT completcere or engethy yel- 


low; terga II-VI with reddish-brown colt... esssssseseesesssesssssssesseeeseseseseseeseeeeeeees P. maranonensis 
(Ecuador and Peru) 

Scutum mostly black, with reduced brown stripes on the sides; pronotum and propodeum brown 
with yellow markings; terga I-VI brown, with yellow markS...... ce eeeeeeeeeeees P. xanthogaster 
(Peru, Bolivia, and northern Argentina) 

General color light brown; terga I-II with apical yellow bands and without spots on the side 
TLS Ars Nuuaratae nesting ce EN’ a haaabnce ne eet egep ations cree ik senaiear se edasocpiaasanede eaten ea P. veracrucis 


(Mexico) 
General color dark brown; terga I-II with yellow spots on the side... seeeeeeeeeeeeseseeeesenees 67 
Mesepisternum completely black; scutelum and metanotum dark-brown, without yellow marks; 
propodeum-completely, darle Dro wit. ..1<sns20..veossede-cecaccenseesvacisabacessennonande uavateoveen dieeatardseeesterdh P. myersi 


(Bahamas and from Costa Rica to Colombia) 
Mesepisternum black with yellow marks; scutelum and metanotum dark-brown, with yellow 
marks; propodeum completely brown with two yellow stripes on the sides... eeeeeseeeees 68 


PF LiuMeriaveakly proj eetedsomthessidesi. to peteut. A etes tr Mee atael ns Mee ataltEh say cc aeh totaal P. ninabamba 


(Peru: Ayacucho) 
Humerinot-projected*on the’ sides: pronotunrroundeds,. 21.0 cas. doti elaine P. versicolor 
(Dominican Republic and from Costa Rica to southern Brazil and Argentina) 


pOcuUtIMwwith. cenetaleeolor blacks ete w ee eee Na ese cater tetas thao eens Tee Weare eeeetne tee eee Oe: 70 
Seuiuimn: with «ceneral col Oe IDLO WIN x98 ccxrraanecsts Seether meer Retenaatadrot terete lose ceding ssden son Caseweduaeeoteteps 73 

. Extended yellow marks on the body; pronotum, scutellum, and metanotum with yellow markings; 
propedeumawith: two-vellowstripeszonat Nest dese: hv 0h cheat elasspisdedeapieMrb parcel tvetenst ase mere Al 
General coloration brown or black, with rare yellow marks; pronotum, scutellum, and metanotum 
black;-propocetin-totally Black cs seers scececerenvaccheerseneactetes anos oN vacant eee oreanaibdaloeh acteh dans wendeapsosowesecns@ta 72 
Terga I-II and rarely III with yellow circular spots on the sides... eee P. weyrauchorum 
(Ecuador, Peru, and Chile) 

Terga I-IV with yellow circular spots on the sides well defined... eeeteseeeeeees P. peruvianus 
(Peru) 


Integument with a shiny appearance and punctation generally stronger, with some clusters 
of punctures on mesepisternum; general color black with small brown marks on the 
face, pronotum, tegulae, and legs; terga I-VI black, II with two yellow circular spots on the 
SICLGS tear ater Aaa eterna al eee ot eR eRe eh RA Eo A ens, os Pea P. binotatus 
(Brazil: Rio de Janeiro) 

Integument dull, without a shiny appearance, and punctation generally thinner and shallower on 
mesepisternum; general color black with large brown marks on the face, pronotum, tegulae, and 
legs; terga I-VI brown, I with two yellow circular spots on the sides... eee P. biguttatus 
(Brazil) 
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74. 


79: 


76. 


TT. 


78. 


82. 


General color dark brown, almost black, with small brown marks on pronotum, scutum, and 
scutellum; face dark brown; propodeum completely black; tergum dark brown, without the pres- 
eiesOl Sy el lGWeSPOLSG te tots.)te are reer RR telson esa td eed net P. consobrinus 

(southern Brazil, Paraguay, Argentina, and Uruguay) 
General color light brown, with larger yellow marks; face light brown; propodeum black or brown 


with two yellow stripes on the sides; terga light brown, with yellow spots... ccceeessssseeeseeeees 74 
Scutum distinctly longer than wide; propodeum black with two yellow stripes on the sides; tergum 
I with two well-defined circular spots on the sides........eeesesesecececececeseeesteeeeeeeeseseneseneess P. adelphus 


(Colombia, Ecuador, and Peru) 

Scutum as long as wide; propodeum brown with two yellow stripes on the sides; terga I-II with 
tworwell-defined circular spots,.on thee id 65:56 sice23 seecis ae recsted ec sce eon tue Masvorse ani dewestease cddenne P. simillimus 
(Colombia, Peru, Bolivia, central-south Brazil, Paraguay, and Argentina) 

Pronotal carina strongly elevated and acuminate, sharp; anterior margin of pronotum more 
straight, and rounding only on the humeral region; general color black, normally without marks 


Onsthe body, but itso-size-extrennel ye strial ie, 2.05 5c) ccdes ed vata slaes eousnaeatd eusncesscaleuarpoa ccd na seeeasta a! 76 
Pronotal carina weakly elevated, and if higher then rounded and never acuminate; anterior margin 
of pronotum more rounded; general color dark brown, never completely black... 79 


Humeri strongly projected; wings blackened; general color of mesosoma black, no brown areas...77 
Humeri not projected; wings dark brown; general color of mesosoma black, but pronotum and 


SCUMPCMTPIN ST OWES tc ccc otats Matteo Mae rain. See theah tenes Matt BR mane sora nSom Pactra ae paneer neater Meee te 78 
Pronotal carina developed by the end of pronotum, going beyond the humeral region; clypeus 
AP exami ain Die ee IGM i, A ruleset etcde tag ccd bee charms Rete iavok ey asaicags ites teueh coisa dees) P. rufidens 


(Colombia and Venezuela) 

Pronotal carina developed to the humeral region, not reaching the end of pronotum; clypeus apex 
Uva gs av: MoT LT} (ot 8] sel atlas BEAN seat ta Reorder teh. piace Rich arch cet tancd che tet tiph Rh etre Mh tears helio na P. aterrimus 
(from Costa Rica to northern Argentina) 

Dorsal groove incomplete and weak; propodeum striae less developed and weakly marked on the 
STMSGs. Ruta sccdayatpessatcashesoag sti becasue scembacat sly teehee Eeareyaleliee seockwsaabetsanseasatoea hua acess P. penai 
(Peru and Bolivia) 

Dorsal groove complete and strong; propodeum striae more developed and more marked on 
PNET STOC SY, fA SU, Ramla; Aamir mi deeu ere itear oda mei eh vue aii n Soot OK, ase RE, Meh Od mek P. huacapistana 
(Peru: Junin) 


. General color light brown to pale yellow with some areas marked in black; terga completely pale 


yellow on if brown, witht large yell wSPOts 5 cass ercusesedpeevsnsescdavtyencteesesaedeoztesenandhoennsenandperiesve ders tocaat ste, 80 
General color dark brown to black; terga dark brown, only tergum I partially yellow..........0.00... 86 
. Scutum and propodeum black; terga black with large brown and yellow spots... eee: 81 


Scutum and propodeum brown, sometimes with yellow markings; terga brown, sometimes with 
laneesyellowesPOtsida, apsccassmitne eA hat Ga es SM ire is Remy need Ssh cue aCe aR eR cnt Ohl nel rE cat 83 


. Pronotum and scutellum with large yellow marks; face and gena yellow; terga I-VI with basal part 


black, central part brown and with narrower, well-defined yellow apical bands.............. P. buyssoni 

(Bolivia, Argentina, and Chile) 
Pronotum and scutellum with large brown marks; face and gena yellow or brown; terga I-II with basal part 
black, central part brown and with larger yellow apical bands, terga II-VI completely pale yellow...82 


Facerand:gena with browrr colots cly peus DrOWMiais...ceccececlescisecaeidensipasdeodasdbavanesezeeseed P. cavapytiformis 
(southeastern and southern Brazil) 
Facé<atid eenar with ivellow<color ely peusiyel wi ct.cef ot, Suet abate tiBana conde eonundte, Meovesetean el P comanchus 


(southern United States and Mexico) 
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General color reddish brown; tergum I with very large yellow apical band covering almost tergum 
I; humeri projected; intermediate in size, not exceeding 20 mm long... eee P. dominicus 
(Bahamas, Cuba, and Brazil) 

General color light brown; tergum I totally brown, sometimes with a very narrow yellow apical 
band; humeri not projected; larger species, usually more than 20 mm long... eee eeeeeees 84 
Scutum brown, usually with yellow stripes on the sides; propodeal muscle orifice relatively 
short and wide; terga II-VI with large yellow spots on the entire length; large species, about 
BOP PTY HOG x, oat rsnorsnast enact heen Le ccet outs Saat docu nla aD ud a Melita cee Sade lca mevasmdt tense swan este can! P. cavapyta 
(Brazil to Argentina and Paraguay) 

Scutum completely brown; propodeal muscle orifice relatively long and slender; terga I-VI light 


brown and without large yellow spots; species about 25 mm 1ONG..... ees eeseseseeseseeescsesesseeeeaeaens 85 
Face and gena brown; wings dark brown, with reddish appearance, venation dark brown, almost 
black; terga brown, I with a well-defined yellow apical band... eeeeseeeeeeteseeeeeeeees P. mexicanus 

(Mexico) 
Face and gena yellow; wings light brown, with hyaline appearance, venation light brown; terga 
brown without well-defined yellow apical bands... essseseceeeeseseseeeeeeeeseseseeneeseseaes P. kaibabensis 


(southwestern United States and Mexico) 


. Scutum, scutellum, and metanotum completely black or with small brown marks; metasoma 


Black) biicyiains cae at narrates canst test baw sa cnet eet ae ER eta ER ve delta ate le oR at ae OR oN wale SR ae anaes 87 
Scutum, scutellum, and metanotum brown; metasoma usually bDrOWN....... ee eeseseeeeeeeeeeeesesenees HI 
. General color black, with brown or red spots on the face and legs; wings blackened; tergum com- 
Piste lye DLAC he at scaak stcmescreateet ta cest codeine Wate saute ars cee tees dae lencdees Rin ced chen te ha faders aw Me sakay ve baste ieee AA o esas 88 
General color brown, with yellow marks, sometimes on the face, legs, or terga; wings brown; terga 
EE OWE a es at aa te Sian cone g snes Ginsg tapos ehratanee (a fabian ty noodle Ue ued aati acdc eat dds uta Beagrie en cc ae ia 89 
. Head with reddish appearance, color different from the rest of the body............. P. erythrocephalus 


(from Nicaragua to central Brazil) 
Head with black appearance, color similar to the rest of the DOdY..... ee eseseeeseeeseeeeneatenenees P. satan 
(southwestern Brazil) 


. Pronotum black; terga II-VI with extensive light-brown spots... cesssseeseeeeseseeeeees P. brevifissus 


(from Panama to southern Brazil and Argentina) 
Pronetum, brown; tereadl~V TL Browntor reddish Spots ess.ascdeacucecvosicans ea tideesheheesten le letirtdaa (Edtaigaanel nde 90 


. Scutum black and usually with small brown marks; tergum I with a large yellow apical band, but 


sometimes -withoutiiteterca sl IVR Gatks DRO wa alse. cies seeyadtiuasaratlcneeussodetent att eatgeut seltabupaeh cdtenb ties P. lanio 
(from Panama to southern Brazil and Argentina) 

Scutum completely black; terga I-VI brown with reddish appearance on apical region, but without 
vellowcapicall Wb aired sig s0 2 here te Scot Aiea ee eetacas ices m Basen Resteeten et aba tanes tetrad taeeenbaetiet P. melanotus 
(Colombia and southeastern Brazil) 

Propodeal muscle orifice short and wide, rounded at the top; general color brown with reddish 
appearance; femora with a yellow apical band; propodeum may or may not have two yellow stripes 
ON ther sldes ea cetnetrenearanneaoeh tinousnael mach amedledtaine Marcunica bed alndidestcenshsssss tisvrsases eqisteaneaneteteaaes P. ferreri 
(Brazil, Bolivia, and Argentina) 

Propodeal muscle orifice long and slender, acuminate at the top; general color dark brown with 
reddish appearance; propodeum without two yellow stripes on the sides... seseseeeeeeeeeeteeees 92 
Tergum I with yellow apical band; terga II-VI completely black... eeeeeeeees P. annularis 
(United States and Mexico) 

Terga usually black or brown; tergum I uniform in color, without the presence of a yellow apical band...93 
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D3naE TOP OEE MIM COMMI LEE IVab AC Gre ot uc ecs hed Pasion ta Rese ond tou toca Mies antl abutincdi bait aul ob sdeeb utes: P. notatipes 
(southeastern and southern Brazil) 

= BPropodeumrcompletely DLOWINe Beene select oc eace seeds acs eae carecee ree ute de Bones e Mediaemsn tec eet sts emis eet 94 
94. Head yellow or light brown, usually a little lighter than the rest of the body; black marks reduced 
OL ADS EM s.r agen aoe rosea ace et Seen as one saan ache oe cease aunts Corea a ede ee dae esneueben edad P. infuscatus 


(from Honduras to the Brazilian Amazon) 

— Head dark brown, usually same color as the rest of the body; black marks more evident, especially 
INVSIAVE SO SONIA raise cts Seth cet neot nc ucet iene case snack behing vetinsns welsh gle cnd sansaeomaroadattcacs seksi thaaacee etl P. canadensis 
(southern United States to southern Brazil and Argentina) 
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APPENDIX 1 


LisT OF PHENOTYPIC CHARACTERS IN THIS WORK 


Figures 5-16 


HEAD (chars. 1-36) 

1. Clypeus dimensions: 0, as long as wide or wider than long; 1, longer than wide. 

2. Clypeal apex: 0, strongly bidentate; 1, pointed; 2, rounded. [Additive.] Adapted from Car- 
penter (1996b). 

3. Lateral lobe of clypeus, shape: 0, forming an angle of 90°; 1, forming an angle of less than 90°. 

4. Lateral lobes of clypeus, projection: 0, reduced; 1, projecting; 2, strongly projecting. 
[Additive] 

5. Pubescence on clypeus: 0, equal to or more than top half; 1, equal to or less than top half or 
absent. 

6. Bristles on clypeus, distribution: 0, present all over; 1, present only on apical region. 

7. Bristles on clypeus, length: 0, very long; 1, long; 2, short; 3, short, becoming long toward the apex. 

8. Punctures on clypeus, size: 0, medium-sized, deep; 1, large and deep; 2, small, shallow. 

9. Punctures on clypeus, density: 0, separated from each other by distance equal to or less than 
their diameter; 1, separated from each other by distance greater than their diamenter. 

10. Punctures on clypeus, distribution: 0, present all over; 1, present only in basal third. 

11. Clypeus-eye contact: 0, touching for an extension equal to or greater than width of antennal 
socket; 1, touching for an extension shorter than width of antennal socket; 2, narrowly 
separated. [Additive.] Adapted from Carpenter (1996b). 

12. Lateral margin of clypeus: 0, sinuous; 1, almost straight. 

13. Clypeus shape in profile: 0, convex; 1, compressed. 

14. Dorsal margin of clypeus: 0, sinuous; 1, almost straight. 
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Dorsal margin of clypeus: 0, touching antennal socket; 1, separated from antennal socket 
by distance shorter than width of antennal socket; 2, separated from antennal socket by 
distance equal to or greater than width of antennal socket. [Additive.] 

Clypeal dorsum in profile: 0, straight; 1, produced above tentorial pits. 

Reddish spot on clypeus apex: 0, absent; 1, present. 

Dimensions of malar space: 0, distinctly wider than long; 1, slightly wider than long, or about 
as wide as long; 2, distinctly longer than wide; 3, transverse. Adapted from Carpenter (1996b). 
Mandible teeth: 0, tridentate; 1, quadridentate. 

Mandible dimensions: 0, less than three times as long as wide; 1, three times as long as 
wide, or longer. 

Bristles on eyes: 0, long; 1, short; 2, absent. 

Separation between ocelli: 0, separated by less than twice their diameter; 1, separated by 
more than twice their diameter. Adapted from Carpenter (1996b). 

Interantennal area, sculpturing: 0, with a marked furrow; 1, with a raised line. 
Interantennal area, projection: 0, prominent; 1, almost flat. 

Interantennal carina, outline: 0, blunt; 1, toothed, serrated. 

Punctures on frons and vertex, size: 0, small, shallow; 1, large to medium, deep. 
Punctures on frons and vertex, density: 0, separated by distance shorter than or equal to 
their one diameter; 1, separated by distance greater than their diamenter. 

Bristles on frons and vertex: 0, very long; 1, long; 2, short. 

Gena width at midlength, lateral view: 0, narrower than eye; 1, equal to or slightly wider 
than eye; 2, distinctly wider than eye. [Additive.] 

Pubescence on gena: 0, present from dorsal end to the midlength; 1, present from dorsal 
end to ventral margin of eye or almost so. 

Posterior margin of gena: 0, rounded; 1, sinuous. 

Punctures on middle region of gena: 0, small and shallow; 1, large and deep. 

Bristles on margin of gena: 0, very long; 1, long; 2, short. 

Occipital carina: 0, weak; 1, strong. 


extending to gena. [Additive.] Adapted from Carpenter (1996b). 
Occiput, dorsal view: 0, strongly convex; 1, almost straight or weakly convex. 


MeEsosoMa (chars. 37-75) 
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40. 
4l. 


AD» 


Pronotal carina: 0, absent; 1, extending to end of pronotum; 2, extending to humeri. 
Adapted from Carpenter (1996b). 

Pronotal carina, if present: 0, blunt; 1, sharp. 

Humeri outline: 0, not projecting; 1, slightly projecting; 2, strongly projecting. [Additive.] 
Pronotal fovea: 0, present; 1, absent. Adapted from Carpenter (1996b). 

Anterior region of pronotum, dorsal view: 0, straight or rounded; 1, with a central 
projection. 

Bristles on anterior margin of pronotum: 0, long; 1, short; 2, absent or evanescent. 
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Striation on pronotum, lateral view: 0, absent; 1, present. 

Dorsal groove: 0, absent; 1, complete; 2, incomplete. Adapted from Carpenter (1996b). 
Epicnemial carina: 0, absent; 1, complete; 2, incomplete. Adapted from Carpenter (1996b). 
Mesepisternum punctation clathrate: 0, absent; 1, present. Adapted from Carpenter (1996b). 
Mesepisternum punctation: 0, medium, deep; 1, large, deep; 2, small, shallow. 
Mesepisternum punctuation, density: 0, separated by distance equal to or shorter than their 
diameter; 1, separated by distance greater than their diamenter. Adapted from Carpenter (1996b). 
Mesepisternum outline, lateral view: 0, flat; 1, concave. 

Dimensions of scutum: 0, as long as wide; 1, longer than wide. 

Center line in scutum: 0, present; 1, absent. 

Dimensions of scutellum: 0, wider than long; 1, as long as wide. 

Posterior region of scutellum: 0, straight; 1, with central emargination. 

Center line on scutellum: 0, absent; 1, present, reaching the midlength; 2, present, 
complete. 

Posterior region at metanotum: 0, with central emargination; 1, straight. 

Axillary fossa: 0, narrow; 1, broad. 

Tegula, dorsal view: 0, oval; 1, D-shaped. 

Bristles on tegula: 0, long; 1, short; 2, absent or evanescent. 

Metapleura: 0, as long as wide; 1, longer than wide; 2, narrowed on anterior portion. 
[Additive.] 

Propodeal angle: 0, rounded; 1, quadrate. 

Propodeal concavity: 0, absent; 1, present only in the center; 2, present beyond the 
center. 

Propodeal striae: 0, absent; 1, present. Adapted from Carpenter (1996b). 

Propodeal striae, if present: 0, strong all over; 1, weak all over; 2, centrally strong, laterally 
evanescent. Adapted from Carpenter (1996b). 

Carina on propodeal valve: 0, incomplete; 1, complete. 

Propodeal muscle: 0, rounded; 1, elongate. 

Central portion of propodeal valve, lateral view: 0, broad, rounded; 1, narrow, rounded; 2, 
acuminate. Adapted from Carpenter (1996b). 

Propodeal orifice, dorsally: 0, rounded; 1, acute; 2, elongate. 

Propodeal color: 0, uniform; 1, with a central spot; 2, with lateral two strips; 3, with a 
central spot and two lateral strips. 

Bristles on propodeum: 0, very long; 1, long; 2, short or evanescent. 

Pubescence on propodeum: 0, absent; 1, present. 

Pubescence on propodeum color, if present: 0, whitish; 1, golden. 

Wings color: 0, hyaline to fuscous; 1, yellow to light brownish; 2, reddish to brown; 3, dark 
brown to blackish. 

Wing veins color: 0, dark brown to blackish; 1, reddish to brown; 2, yellow. 

Pterostigma size: 0, reduced; 1, pronounced. 

Trochanter: 0, wide; 1, compact. 
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FIGURE 5. Face in front view: A, clypeus wider than long, clypeal apex strongly bidentate, clypeus touching 
for an extension greater than width of antennal socket the eye in Vespula germanica (outgroup); B, clypeus as 
long as wide, clypeal apex rounded, clypeus touching for an extension equal to width of antennal socket the 
eye Polistes cavapytiformis; C, clypeus as long as wide, clypeal apex pointed, clypeus touching for an extension 
shorter than width of antennal socket the eye in Polistes carnifex; and D, clypeus longer than wide, clypeal 
apex pointed, clypeus narrowly separated by eye in Polistes thoracicus. For all bristles length very long (A), 
long (B), short, becoming long toward the apex (D). 





FIGURE 6. Gena width at midlength, lateral view: A, equal to or slightly wider than eye in Polistes pacificus; 
and B, distinctly wider than eye in Polistes rufiventris. 
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FIGURE 7. Head and pronotum, in dorsal view: A, occiput strongly convex, anterior region of pronotum 
rounded and humeri outline not projecting in Polistes cavapytiformis; B, occiput almost straight or weakly 
convex and humeri outline slightly projecting in Polistes occipitalis; C, anterior region of pronotum with a 
central projection and humeri outline strongly projecting in Polistes testaceicolor. 
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METASOMaA (chars. 76-88) 


76. 


vie 
78. 
AD. 
80. 
81. 
82. 
83. 
84. 
85. 


Tergum I, dorsal view: 0, truncate; 1, conical, as wide or wider than long; 2, conical, longer 
than wide. Adapted from Carpenter (1996b). 

Tergum I anterior part, dorsal view: 0, enlarged; 1, not enlarged. 

Tergum I shape, lateral view: 0, abruptly widened; 1, gradually widened. 

Tergum I bristles, length: 0, very long and sparse; 1, short and dense; 2, evanescent. 
Tergum I punctures, size: 0, weak, small and shallow; 1, strong, medium sized, and deep. 
Tergum I color: 0, uniform; 1, with apical band; 2, with lateral spots. 

Sternum I shape on posterior margin: 0, straight; 1, concave. 

Sternum I anterior portion, dimensions: 0, long and narrow; 1, short and enlarged. 
Sternum I lateral carena: 0, absent; 1, present. 

Carina between sterna I and II: 0, absent; 1, incomplete; 2, complete. 


86. Tergum II dimensions, dorsal view: 0, as wide as long or wider than long; 1, longer than wide. 


87. 
88. 


Tergum II, sculpturing: 0, weakly punctate; 1, strongly punctate; 2, corrugated. 
Tubercle on the VI sternum: 0, absent; 1, present. 


MALE ANATOmy (chars. 89-98) 


89. 


90. 


91. 


92. 


93. 


94. 


Antenna, segment 4: 0, distinctly <2.0 times as long as wide; 1, about 2.0 times as long as 
wide; 2, distinctly >2.0 times as long as wide. 

Antenna, segment 13: 0, <2.0 as long as wide; 1, about 3.0 times longer than wide; 2, dis- 
tinctly >3.0 times as long as wide. 

Antenna: 0, apically tapering; 1, apically coiling; 2, apically expanded. Adapted from Car- 
penter (1996b). 


Clypeus-eye contact: 0, touching for an extension equal to or greater than width of antennal 


socket; 1, touching for an extension shorter than width of antennal socket; 2, narrowly 
separated; 3, widely separated. | Additive.] Adapted from Carpenter (1996b). 

Clypeal apex outline: 0, bidentate; 1, pointed; 2, rounded. [Additive.] Adapted from Car- 
penter (1996b). 

Mandible dimensions: 0, no more than 2.0 times as long as wide; 1, 3.0 times as long as 
wide; 2, as long as wide. 


95. Mandible, number of teeth: 0, quadridentate; 1, tridentate. Adapted from Carpenter (1996b). 
96. Lateral process of metasomal sternum VII: 0, absent; 1, present. Adapted from Carpenter (1996b). 


73 


Disc of metasomal sternum VII: 0, medially slightly depressed; 1, tuberculate. Adapted 
from Carpenter (1996b). 


98. Base of metasomal sternum VII: 0, without anterior lobes; 1, lobed. Adapted from Carpen- 


ter (1996b). 


MALE GENITALIA (chars. 99-120): see Somavilla et al. (2018). 
99. Paramere dimensions: 0, less than 2.0 as long as wide; 1, 2.0-3.0 times as long as wide; 2, 


>3.0 times longer than wide. 


100. Paramere spine: 0, very short; 1, medium; 2, long or very long. 
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FIGURE 8. Occipital carina and pronotal carina of A, Polistes cavapytiformes and B, Polistes penai. Extension 
of occipital carina and shape and extension of pronotal carina. 





FIGURE 9. Mesepisternum: dorsal groove complete and epicnemial carina absent in A, Polistes cavapytiformis; 
and B, dorsal groove incomplete and epicnemial carina complete in Polistes thoracicus. 





FIGURE 10. Propodeum and propodeal orifice: A, propodeal striae absent, and propodeal orifice rounded in 
Polistes torresae; B, propodeal striae weak all over and propodeal orifice rounded in Polistes apachus; and C, 
propodeal striae strong all over and propodeal orifice elongate in Polistes versicolor. 
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101. Paramere lateral groove: 0, absent; 1, shallow; 2, deep. 

102. Paramere, bristle on apical part: 0, short; 1, long. 

103. Paramere, bristles on apical part: 0, sparse; 1, dense. 

104. Digitus, apical process: 0, developed; 1, reduced. 

105. Digitus, punctures: 0, covering entire length; 1, distributed only on strip in the central 
portion. 

106. Digitus, bristles: 0, very long; 1, short; 2, absent or evanescent. 

107. Digitus, anteroventral lobe: 0, rounded; 1, pointed. 

108. Cuspis size: 0, robust; 1, slender. 

109. Cuspis, apex: 0, tapering gradually; 1, tapering abruptly. 

110. Cuspis, bristles: 0, short; 1, long. 

111. Aedeagus size: 0, robust; 1, slender. 

112. Aedeagus, lateral view: 0, distinctly curved; 1, straight or weakly curved. 

113. Aedeagus, penis valve dilation: 0, very dilated; 1, dilated; 2, slightly dilated. 

114. Aedeagus, penis valve lobes: 0, not bilobed or weakly bilobed; 1, distinctly bilobed. 

115. Aedeagus, median expansion: 0, absent; 1, present on top; 2, present on center. 

116. Aedeagus, median expansion shape: 0, rounded; 1, acuminated. 

117. Aedeagus, median portion surface: 0, smooth; 1, serrate or with small teeth; 2, with mod- 
erately sized teeth; 3, strongly denticulate. 

118. Aedeagus, serrations on median portion, if present: 0, teeth developed from penis valve 
to the end of median expansion; 1, teeth reaching the median expansion; 2, teeth only on 
median portion. 

119. Aedeagus, median basal apodeme: 0, short; 1, long. 

120. Aedeagus, lateral apodeme: 0, shorter than median basal apodeme; 1, equal or bigger than 
the median basal apodeme. 


LARVA (chars. 121-133) 

121. Bristles on the head: 0, absent; 1, short; 2, long. 

122. Labrum papillae: 0, absent; 1, present. 

123. Labrum bristles: 0, absent; 1, present. Adapted from Pickett and Carpenter (2010). 

124. Mandible teeth: 0, three; 1, two. Adapted from Carpenter (1996b). 

125. Teeth dimensions: 0, long and slender; 1, short and stout. 

126. Thoracic sterna, shape: 0, without lobes; 1, with two lobes. 

127. Thoracic sterna bristles: 0, absent or very short; 1, present and conspicuous. 

128. Abdominal sterna bristles: 0, absent or very short; 1, present and conspicuous. 

129. Color of cuticle: 0, dark; 1, clear; 2, mostly clear, with dark bands on the head. 

130. Mandible teeth sclerotization: 0, strong, well sclerotized; 1, weak, sclerotized as strongly 
as in basal area of mandibula. 

131. Maxilla: 0, basally compressed; 1, basally strongly swollen. Adapted from Pickett and 
Carpenter (2010). 
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FIGURE 11. Mesosoma, dimensions of scutum and scutellum: A, Vespula squamosa (outgroup); B, Polistes 
apachus; C, Polistes fuscatus; D, Polistes versicolor; E, Polistes bicolor; and F, Polistes terresae. 





FIGURE 12. Terga I and II, dorsal view: A, tergum I conical, as wide as long, and tergum II as wide as long 
in Polistes aurifer; and B, tergum I conical, longer than wide and tergum II longer than wide in Polistes 
exclamans. 
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FIGURE 13. Tergum I shape, lateral view: A, abruptly widened in Polistes huristicornis, and B, gradually 
widened in Polistes occipitalis. 





FIGURE 14. Mesosoma, terga I and II shape and dimensions: A, Vespula squamosa (outgroup); B, Polistes 
apachus; C, Polistes bicolor; D, Polistes fuscatus; E, Polistes terresae; and F, Polistes versicolor. 
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FIGURE 15. Comb shape: A, circular in Polistes fuscatus; B, subcircular in Polistes instabilis; C, leaf shaped in 
Polistes versicolor; D, narrow in Polistes crinitus; and E, long and vertical in Polistes goeldii. 





FIGURE 16. Peduncle: A, lateral peduncle in Polistes instabilis; B, central peduncle in Polistes carolina. 


132. Cranial shape in frontal view: 0, subcircular or suboval, with lateral sides uniformly 
curved; 1, widest at or below level of line joining anterior tentorial pits. Adapted from 
Pickett and Carpenter (2010). 

133. Galea: 0, apically flat, without apical sensillae; 1, bilobed, with two apical sensilla on one 
of lobes, or trilobed; 2, complex, usually with more than two apical sensilla on each lobe. 


Nest ARCHITECTURE (chars. 134-140) 

134. Envelope: 0, present; 1, absent. 

135. Fiber length: 0, long; 1, short. From Pickett and Carpenter (2010). 

136. Comb shape: 0, circular; 1, subcircular; 2, leaf shaped; 3, narrow; (4) long vertically. 

137. Secondary combs: 0, present; 1, absent. 

138. Comb cells shape: 0, rectinidal; 1, laterinidal. Adapted from Pickett and Carpenter (2010). 

139. Peduncle: 0, without a visible peduncle; 1, with central peduncle; 2, with lateral 
peduncle. 

140. Color of peduncle: 0, clear; 1, brown and shiny; 2, black and shiny. 
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